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[57] ABSTRACT

A one-step method and compositions for stabilization of
heavy metals, acid gas removal and pH control in hazardous
and toxic solid, semi-solid, liquid and/or gaseous matrices
using a mixture of reactive agents in a single product, for the
broader purpose of enhancing environmental pollution
control, prevention and remediation are described. The
product contains sulfonated calcium aluminum magnesium
phosphate. This material may be used alone or in combina-
tion with magnesium sulfite and/or hydroboracite.

11 Claims, No Drawings
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METHOD AND COMPOSITIONS FOR
STABILIZATION OF HEAVY METALS, ACID
GAS REMOVAL AND PH CONTROL IN
CONTAMINATED MATRICES

TECHNICAL FIELD

This application is based on U.S. provisional application
Ser. No. 60/028,935, filed by Vasanth K. Bhat on Oct. 22,
1996.

This invention relates to the treatment of contaminated
materials. Specifically, it relates to methods and composi-
tions for rendering inert a broad spectrum of heavy metals
that may be present in hazardous and/or toxic matrices, such
as fly ash and slag from incinerators, process water from ink
and paint manufacturing, process dust, water and sludge
from ferrous and non-ferrous foundries, electric arc furnace
dust, for example, from steel mills, hazardous waste, toxic
waste, soils, sludges and sediments. Heavy metals like
antimony, arsenic, barium, beryllium, cadmium, chromium,
cobalt, copper, lead, mercury, molybdenum, nickel,
selenium, silver, thallium, vanadium and zinc are reduced to
a level of permanent stability meeting the glacial acetic acid
leachate criteria set forth by the U.S. EPA in the Toxicity
Characteristic Leaching Procedure {TCLP) and the water
leach tests, for example, California or Indiana Water Leach
Tests, simulating leaching due to rain as it actually occurs in
the environment. The invention also relates to industrial
processes that require acid gas removal from the contami-
nated matrix and pH control of the contaminated matrix.

BACKGROUND OF THE INVENTION

When biologically available, heavy metals leaching from
soil, water or waste, as well as those released into the air, are
detrimental to all living beings. Permissible levels of heavy
metal pollution are regulated by the local, state and federal
authorities. The important sets of federal regulations are the
Resource Conservation and Recovery Act (RCRA) and the
Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), which governs the Superfund
program. One of the earliest remediation methods, the
removal and hauling of heavy metal contained waste and
soil to a landfill, while still in use, is more frequently being
viewed by the public as unacceptable. New regulations and
continued desire to find better and/or inexpensive environ-
mental pollution control, prevention and remediation tech-
niques have driven potential hazardous and/or toxic waste
generators toward new technologies. Encapsulation of heavy
metal-containing waste in portland cement, for example,
though meeting the letter of the environmental law, does not
meet the spirit of the Iaw when the encapsulated waste is
exposed torain. Under those circumstances, heavy metals go
into solution and become biologically available. Permanent
stabilization by forming geochemically stable compounds of
heavy metals is by far the best solution to this challenge.
Certain industrial processes may also release acid gases
which need to be removed. Often pH control of the con-
taminated matrix is also required.

Numerous methods, mostly multi-step and sequential-
step, have been utilized to prevent the leaching of hazardous
heavy metals in solid, semi-solid, liquid and/or gaseous
complex matrices so that the waste is rendered suitable for
disposal in a sanitary landfill. There has, however, been no
suggestion to use sulfonated calcium aluminum magnesium
phosphates, hydroboracite or scrubber magnesium product
(magnesium sulfite) for the purpose of providing heavy
metal stabilization, together with the additional benefits of
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acid gas removal and pH control, to contaminated or treated
matrices in a one-step method or single-product composi-
tion. U.S. Pat. No. 4,671,882, Douglas et al., issued June,
1987, discloses a multi-step process for heavy metal stabi-
lization. Douglas does not prefer to use limestone because he
believes that the use of limestone results in the production of
carbon dioxide gas when added to acid solution and such gas
would adversely affect the pH increasing step essential to his
multi-step heavy metal stabilization process. Both U.S. Pat.
Nos. 4,889,640 and 5,037,479, Stanforth, suggest that lime-
stone is no( effective in the disclosed heavy metal stabili-
zation processes because it is a non-reactive form of calcium
and/or magnesium carbonate. The above-mentioned patents
do not suggest any products or processes for acid gas

removal.

SUMMARY OF THE INVENTION

It is the primary object of the present invention to provide
a one-step method and single-product compositions that
simultaneously stabilize heavy metals, remove acid gases
and control pH in contaminated solid, semi-solid, liquid
and/or gaseous complex matrices.

It is a further object of the present invention to provide a
new method for the simultaneous treatment of a wide variety
of matrices including in-process and waste materials con-
taminated with a broad range of heavy metals classified by
the U.S. EPA as hazardous, such that geochemically stable,
substantially non-leaching compounds of heavy metals are
formed and the contaminated matrices are rendered 1nert. -

It is another object of the present invention to provide a
new family of compositions that achieve permanent stability
of Ieachable heavy metals in complex matrices exposed to
actual environmental conditions.

It is still another object of the present invention to provide
a method and a general range of compositions that stabilize
more heavy metals than those in the prior art using one-step
treatment and nsing a single product which may contain one
O more reactive agents.

It is yet another object of the present invention to provide
a method and compositions that are more cost-effective than
those of the prior art in stabilizing heavy metals in a wide
variety of complex matrices.

In accordance with the present invention there is provided
a method and compositions for the treatment of in-process
hazardous materials and waste materials contaminated with
hazardous heavy metals to levels of local, state and federal
regulatory limits. Simultaneously, this invention provides a
single-step method and single-product compositions for
heavy metal stabilization, acid gas removal and pH control
in contaminated complex matrices.

Specifically, the present invention encompasses a com-
position for the treatment of heavy metal-containing matri-
ces comprising an effective amount of sulfonated calcinm
aluminum magnesium phosphate. The composition may
optionally include magnesium sulfite and/or hydroboracite.

The invention also relates to a method for making a
composition for the treatment of heavy metal-containing
matrices comprising the steps of mixing the following
materials:

(a) a phosphate-containing material selected from the
group consisting of phosphoric acid, rock phosphate,
apatite, triple super phosphate, calcium magnesiom
monohydrogen phosphate dihydrate, alkali phosphate,
and mixtures thereof;

(b) an aluminum-containing material selected from the
group consisting of kaolinite, bauxite, alumina
dihydrate, bentonite, zeolites, and mixtures thereof; and
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(¢) an alkaline earth-containing material selected from the
group consisting of dolomite, dolime, quicklime, fly
ash., limestone, brucite, magnesite, periclase, dolomitic
Iimestone, magnesia, magnesium hydroxide,
hydroboracite, colemanite, and mixtures thereof;

and sulfonating the product(s) of said mixing step.

DETAILED DESCRIPTION OF THE
INVENTION

The goals set forth above are accomplished using a single
product and a one-step application method, as opposed to
using several different reagents and multi-step or sequential
application method to:

(1) stabilize a broad spectrum of heavy metals (Table I)
listed by the U.S. EPA as hazardous;

(2) control acid gases found in complex matrices, includ-
ing industrial processes and waste; and

(3) control pH of the contaminated and treated matrices.
This invention relates to compositions and methods for
accomplishing these goals, as well as to method for prepar-
ing those compositions.

Table I—U.S. EPA List of Hazardous Heavy
Metals

Antimony, Arsenic, Barium, Beryllium, Cadmium,
Chromium, Cobalt, Copper, L¢ad, Mercury,
Molybdenum, Nickel, Selenium, Silver, Thallium,
Vanadium, and Zinc

In developing the heavy metal stabilizing product com-
positions of this invention, economic considerations were
applied to the following technical conceptual basis: Ingre-
dients that form salts of low solubility with the heavy metals
in question will also produce permanently stable, pH
independent, complex, non-leaching compounds that immo-
bilize the heavy metals when they contain glass (non-
crystalline) network forming cations (such as Si, B, P, Ge
and mixtures thereof) and glass (non-crystalline) network
forming anions (such as O, S, Se, Te and mixtures thereof).
In conjunction with ingredients containing the glass (non-
crystalline) network forming ions, those containing network
dwellers (such as Al, Mg, Ga and mixtures thereof) and
network modifiers (such as Ca, Mg and mixtures thereof) are
also found to help in stabilizing heavy metals contained in
contaminated matrices. It is not necessary that glass actually
be formed as a result of the reaction between heavy metals
and the heavy metal stabilizer, but rather that the ingredients
used to prepare the heavy metal stabilizers be capable of
forming glass. It is important that salts of low solubility are
formed as a result of the reaction between these ions and the
heavy metals.

Thus, the technical concept of this invention advances
two essential conditions for the production of permanently
stable, pH independent, complex, non-leaching compounds
that mobilize the heavy metals: (1) in selecting the ingredi-
ents for heavy metal stabilizing product compositions, it is
important that they are capable of forming glass (that is, they
contain glass network forming, network dwelling or network
modifying ions), and (2) that salts of low solubility be
formed as a result of the reaction between these ions and the
heavy metals in question.

Sulfonated Calciom Aluminum Magnesium Phosphate
(SCAMP) is a product composition that fits the technical
concept by itself, as well as in conjunction with other
ingredients. SCAMP can be described by the general for-
mula x.(C;,H,5(CsH,)SO;Na) (CaAl Mg,(PO,)s9H,0),
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wherein x<1. It can also be described as a sulfonated
phosphate or a sulfonated mixture of phosphates, with
ingredients containing calcium, aluminum and magnesium
ions. The sulfonate in this case is sodium dodecylbenzene
sulfonate. The presence of SCAMP can be detected directly
by the combination of powder x-ray diffraction technigue for
calcium aluminum magnesium phosphate and wet chemical
analysis for the sulfonate. SCAMP prepared according to the
present application is an effective stabilizer for a broad
spectrum of heavy metals.

In water, the sulfonate behaves like soap in forming
micelles, but has an advantage over soap in not forming
precipitates with calcium ions. Additionally, the sulfonate
being a surfactant, reduces the surface tension of the par-
ticles coated with it, accelerates reactions between acidic
and basic ingredients in a given mixture to form complex
salts, prevents caking, and improves flowability of the
product. The sulfonate also promotes the formation of heavy
metal complex salts of very low solubility by facilitating the
sequestering and fixing of heavy metal leachates from a
contaminated matrix. These practically insoluble complex
salts confirm pH independent and permanent fixing of
leachates in a landfill. Sulfonates useful in the present
invention include any salt of the reaction product of sulfonic
acid and hydrocarbons, such as long chain alkylbenzene
sulfonates, with sodium dodecybenzene sulfonate being
preferred.

SCAMP can be prepared in a number of ways. As an
example, to produce one mole of SCAMP, combine 1%
moles of dolomitic limestone or 3 moles of dolomitic lime;
with Y2 mole of either kaolinite, bauxite or alumina trihy-
drate; react the same with 5 moles of phosphoric acid and
treat the reaction product with less than one mole of the
sulfonate. As another example, to produce one mole of
SCAMP, combine and react 1 ¥ moles of dolomitic lime-
stone or 3 moles of dolomitic lime; with 2 mole of either
kaolinite, bauxite or alumina trihydrate; and with 22 moles
of either triple super phosphate or rock phosphate, along
with an appropriate amount of water, if needed, and less than
one mole of the sulfonate. The solid raw materials are
ground or pulverized to fine powder to provide high surface
area for the required reaction(s) to take place. It is some-
times helpful to add heat to the reaction, although frequently
the increased temperatures caused by grinding and the heat
of reaction between ingredients are sufficient to provide the
desired end product.

In general, a SCAMP-containing single product compo-
sition for the treatment of heavy metal-containing matrices
may be prepared by combining, mixing and reacting the
following materials:

(a) a phosphate-containing material selected from the
group consisting of phosphoric acid, rock phosphate,
apatite, triple super phosphate, calcium magnesium
monohydrogen phosphate dihydrate, alkali phosphate,
and mixtures thereof (preferably phosphoric acid, rock
phosphate or triple super phosphate, and most prefer-
ably rock phosphate);

(b) an aluminum-containing material selected from the
group consisting of Kkaolinite, bauxite, alumina
trihydrate, bentonite, zeolites, and mixtures thereof
(preferably bauxite or kaolinite); and

(c) an alkaline earth-containing material selected from the
group consisting of dolomitic limestone (dolomite),
dolomitic lime (dolime), quicklime, fly ash, limestone,
brucite, magnesite, periclase, magnesia, magnesium
hydroxide, hydroboracite, colemanite, and mixtures
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thereof (preferably dolomitic limestone, dolimitic lime
or hydroboracite, and most preferably dolomitic
limestone);
and sulfonating the product(s) of said combining, mixing
and reacting steps.

The proportions of the individual reactions listed above
may be varied depending on the properties required for the
final product. For example, for optimal heavy metal
stabilization, the amount of material(s) from group (a) above
in proportion to groups (b) and (c) should be about 6:1:3. For
optimal acid gas control, the ratio should be about 6:1:12,
For optimal pH control of the contaminated and treated
matrices, the ratio should be about 6:1:3. SCAMP is an
essential active agent in the product composition of the
invention that assures in a single step, simultaneous and
 effective stabilization of at least 8 of the 17 heavy metals
listed in Table I (see Table II below), as well as acid gas and
pH control. Materials from groups (a), (b) or (c) used in
excess of that required stoichiometrically for the formation
of SCAMP are essentially for fine tuning the heavy metal
stabilization, acid gas control or pH control characteristics of
the final product. For example, formulating a product such
that it contains excess phosphate material provides extra
benefits in terms of pH control and in the stabilization of
heavy metals that form phosphates of low solubility. Excess
aluminum-containing material helps in pH control and in the
stabilization of heavy metals that form oxides or hydroxides
of low solubility, while excess alkaline earth-containing
material helps in pH control and acid gas control.

Stabilization of all 17 heavy metals listed as hazardous by
the U.S. EPA can be accomplished in a single-step, along
with acid gas and pH control, using a product composition
that comprises SCAMP and sulfur-containing materials such
as magnesium sulfite, calcium sulfite, magnesium sulfate,
sodium metabisulfite, calcium magnesium sulfite, epsom
salt, gypsum, and mixtures thereof. Preferred sulfur-
containing materials include magnesium sulfate, calcium
sulfate and calcium magnesium sulfite, and mixtures thereof,
with magnesium sulfite being most preferred. An inexpen-
sive source of magnesium sulfite that also contains minor
amounts of magnesium sulfate is Scrubber Magnesium
Product (SMP). This material is a by-product of scrubbing
acid gases, like sulfur dioxide and oxides of nitrogen, with
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magnesium-containing reagents, such as magnesia, magne-
sium hydroxide, calcinm magnesium oxide (dolime), cal-
cium magnesium borate (hydroboracite), and calcium mag-
nesium carbonate (dolomite). The use of sulfur-containing
material (for example, SMP) alone, stabilizes 15 of the 17
heavy metals fairly well. Relative effectiveness of SMP
alone and in combination with SCAMP is shown in Table IL
The use of hydrated calcium magnesium borate, that is,
hydroboracite (HB), alone or in conjunction with SCAMP,
SMP and mixtures thereof is also depicted in Table II.

The compositions of the present invention comprise an
amount of each specified component which is effective to
stabilize the heavy metals present in the materials being
treated, as well as to control pH and acid gas. Specifically,
compositions of the present invention contain from about
10% to about 100%, preferably from about 10% to about
50% SCAMP, from about 0% to about 90%, preferably from
about 5% to about 50%, magnesium sulfite, and from about
0% to about 90%, preferably from about 10% to about 50%
hydroboracite. A few examples of SCAMP-, SMP-, and
HB-containing compositions found to be effective in achiev-
ing the goals of the present invention are as follows:

SCAMP 1 jents in wt %
Alkaline
Phosphate- Aluminum earth-

Ex. containing  containing containing SMP HB
#  materials materials  materials Sulfonate wt% wt%
W
1 10-15 0.1-10 30-40 0.1-10 40-60 0-10
2 15-25 0.1-30 50-60 0.1-10 0-30 (O30
3 30-50 0.1-25 10-30 0.1-10 3050 0-25
4 5-15 0.1-10 30-50 0.1-10  30-50 0-35
5 5-135 (0.1-10 50-70 0.1-10 040 (0-235

When the compositions of the present invention are used
for the stabilization of heavy metals, the end result is an
inert, environmentally harmless product of the reaction
between a heavy metal-containing matrix and the composi-
tion containing up to about 30% (by weight) glass network
forming cations and up to about 35% network forming
anions, up to about 65% glass network dwelling ions, and up
to about 75% glass network modifying ions.

TABLE I

Relative Effectiveness in Stabilizing Heavy Metals

Heavy SCAMP + SCAMP + SMP + SCAMP +
Metal SCAMP SMP HB SMP HB HB SMP + HB
Sb Poor Fair Fair Fair Good Good Good
As Poor Fair Poor Fair Fair Fair Fair
Ba Fair Fair Poor Good Fair Fair Good
- Be Poor Fair Fair Fair Good Good Good
Cd Fair Fair Fair Good Good Good Good
Cr Fatr Fair Fair Good Good Good Good
Co Fair Poor Fair Fair Fair Fair Good
Cu Poor Fair Fair Fair Good Good Good
Pb Fair Fair Fair Good Good Good Good
Hg Fair Fair Fair Good Good Good Good
Mo Poor Farr Fair Fair Good Good Good
N1 Fair Poor Fair Fair Fair Fair Good
Se Poor Fair Poor Fair Fair Fair Fatr
Ag Fair Fair Poor Good Farr Fair Good
T1 Poor Fair Fair Fair Good Good Good
Vv Poor Fair Fair Fair Good Good Good
Zn Fair Fair Fair Good Good Good Good

W
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The combination of SCAMP, SMP and HB outperforms
the combination of SCAMP and SMP, as well as the com-
bination of SMP and HB, and the combination of SCAMP
and HB, although stabilization of all 17 hazardous heavy
metals is accomplished by all four sets of product combi-
nations. By way of example, a 3:2 ratio by weight of
SCAMP to SMP has produced excellent results in control-
ling the leachability of heavy metals such as Pb, Cd, and Cr
at © percent dosage of the product by weight of solids in
ferrous foundry wastewater. By way of further example, a
1:1 ratio by weight of SMP to HB has produced good results
in controlling acid gases in an industrial process. By way of
another example, a 6:3:1 ratio by weight of SCAMP to SMP
to HB has produced good results in controlling acid gases
and pH as well as in controlling the leachability of all 17
heavy metals of Table I. Depending on the total concentra-
tion and the number of the heavy metals to be treated,
dosages of no more than about 35 percent of the solids in a
contaminated matrix have reduced the leaching of all 17

listed heavy metals to within permissible levels. In fact,
dosages of less than about 10 percent by weight of the solids,
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even as low as about 3 percent, have been found to be -

effective in most cases. When SMP (or other magnesium
sulfite-type composition) is used alone, it is used in an
amount of from about 5% to about 50% by weight of the
solids in the contaminated matrix. When hydroboracite 1is
used alone, it is used in an amount of from about 5% to about
50% of the solids in the contaminated matrix.

Matrices contaminated with heavy metals and acid gases
as well as those matrices requiring pH control are freated
with product compositions of this invention in a dry or a
slurry form. A product of this invention is injected into the
in-process dust stream or added and mixed thoroughly with
in-process wastewater; or in the case of contaminated soil,
it is admixed in a continuous or batch mixer. The resultant
product is found to be environmentally harmless with the
heavy metals stabilized, pH controlled and acid gases neu-
tralized. ‘

While the invention has been described in terms of
various preferred embodiments, one skilled in the art will
appreciate that various modifications, substitutions,
omissions, and changes may be made without departing
from the spirit thereof. Accordingly, it is intended that the
scope of the present invention be limited solely by the scope
of the following claims.

What is chimed is: |

1. A method of making a composition for the treatment of
a heavy metal-containing matrix comprising the steps of
mixing the following materials:
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(a) a phosphate-containing material selected from the
group consisting of phosphoric acid, rock phosphate,
apatite, triple super phosphate, calcium magnesium
monohydrogen phosphate dihydrate, alkali phosphate,
and mixtures thereof;

(b) an aluminum-containing materials selected from the
group consisting of kaolinite, bauxite, alumina trihy-
drate bentonite, zeolites, and mixtures thereof; and

(¢) an alkaline earth-containing material selected from the
group consisting of dolomitic limestone, dolomitic
lime, quicklime, fly ash, limestone, brucite, magnesite,
periclase, magnesia, magnesium hydroxide,
hydroboracite, colemanite, and mixtures thereof;

and sulfonating the product(s) of said mixing step.

2. A method according to claim 1 wherein the sulfonation
is accomplished by reacting the product(s) of said mixing
step with sodium dodecylbenzene sulfonate.

3. A method according to claim 1 wherein the product(s)
of the sulfonation step is mixed with sulfur-containing

materials selected from the group consisting of magnesium
sulfite, magnesium sulfate, calcium sulfite, sodium
metabisulfite, calcium magnesium sulfite, epsom salt,
gypsum, and mixtures thereof.

4. A method according to claim 3 wherein the phosphate-
containing material is selected from the group consisting of
phosphoric acid, triple super phosphate, rock phosphate, and
mixtures thereof.

5. A method according to claim 3 wherein the aluminum-
containing material is selected from the group consisting of

bauxite, kaolinite, and mixtures thereof.

6. A method according to claim 3 wherein the alkaline
carth-containing material is selected from the group con-
sisting of dolomitic limestone, dolomitic lime,
hydroboracite, and mixtures thereof.

7. A method according to claim 4 wherein the alkaline
earth-containing material is dolomitic imestone.

8. A method according to claim 7 wherein the aluminum-
containing material is bauxite.

9. A method according to claim 3 wherein the source of
the sulfur-containing material is scrubber magnesium prod-
uct. |

10. A method according to claim 9 wherein the sulfur-
containing material is magnesium sutfite.

11. A method according to claim 8 wherein the sulfur-
containing material is magnesium sulfite.

+ % % ¥ ¥



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : § 719,099
DATED : Feb. 17, 1998
INVENTOR(S) : Bhat

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 2, line 11, please change “no(” to --not--.

Column 7, line 46, please change “chimed” to --claimed--.

Signed and Sealed this
Fourteenth Day of April, 1998

5 e Tedomi

BRUCE LEHMAN

Attest:

Commissioner of Patents and Trademarks

Attesting Officer




	Front Page
	Specification
	Claims
	Corrections/Annotated Pages

